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1. Introduction
[bookmark: _Hlk54343086][bookmark: _Hlk117686400]The agreements made in RAN1 #110-bis-e are summarized below.  
	Agreement 
[bookmark: _Hlk117600185]Support TA acquisition of candidate cell(s) before cell switch command is received in L1/L2 based mobility.
· FFS: whether this can be applied to candidate cell when it is deactivated SCell (if defined in RAN2)
 
Agreement
On mechanism to acquire TA of the candidate cells, the following solutions can be further studied:
•         RACH-based solutions
e.g., PDCCH ordered RACH, UE-triggered RACH, higher layer triggered RACH from NW other than L3 HO cmd
•         RACH-less solutions
e.g., SRS based TA acquisition, Rx timing difference based, RACH-less mechanism as in LTE, UE based TA measurement (including UE based TA measurement with one TAC from serving cell)
 
Agreement
For TA acquisition of a candidate cell before cell switch command is received, study at least the following alternatives of associating TA/TAG to candidate cell:
· Alt1: Associate TA/TAG and candidate cell implicitly, e.g.,
· the association between TA/TAG and TCI states can be configured
· Alt2: Associate TA/TAG and candidate cell explicitly, e.g.,
· the association is provided as a part of candidate cell(s) configuration
· the association between TA/TAG and SSB(s)/TRS(s) is provided as a part of candidate cell(s) configuration



[bookmark: _Hlk110089543][bookmark: _Hlk525732985]
2. [bookmark: _Hlk100679068][bookmark: _Hlk113199153]RACH Based TA Acquisition of Candidate Cell(s)
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Figure 1: Support TA acquisition when candidate cell is deactivated SCell
[bookmark: _Hlk117928667]In RAN2 #119-bis-e, it is agreed that the current SCell can be configured as candidate cell. In addition, it is agreed in RAN1# 110-bis-e that TA acquisition is supported for candidate cell before cell switch command. A remaining question is that whether TA acquisition is applicable to candidate cell if it is deactivated SCell, since PRACH/SRS transmission is currently not allowed for deactivated SCell [2]. In our view, this restriction should be relaxed to minimize the TA acquisition latency when candidate cell is deactivated SCell. 

	RAN2 #119-bis-e
For L1L2 mobility, Target Pcell/SCell can be current SCell/PCell, i.e., current SCell/PCell can be configured as candidates




[bookmark: _Hlk117954704]Proposal 1: TA acquisition before cell switch command can be applied when candidate cell is deactivated SCell
· At least PRACH/SRS transmission can be allowed on candidate cell when it is deactivated SCell

In RAN1# 110-bis-e, both RACH based and RACH-less based TA acquisition methods have been discussed. For RACH based TA acquisition, RACH configuration should be provided per candidate cell. Detailed configuration can be left to RAN2, e.g. whether the RACH configuration is configured under the current serving cell or under the corresponding candidate cell.  

Proposal 2: For RACH-based solutions, RACH configuration can be provided per candidate cell
· Detailed configuration can be left to RAN2, e.g. whether it is configured under current serving cell or corresponding candidate cell

Among RACH based TA acquisition solutions, PDCCH-order based RACH should be supported due to its maturity in spec and flexibility to trigger RACH at any time. However, PDCCH-order based RACH currently can only be triggered by DCI format 1_0, which cannot indicate target cell ID for the PRACH transmission, i.e. current PDCCH order can only trigger PRACH on the same cell. To increase flexibility especially when candidate cell is deactivated without PDCCH monitoring, enhancement is needed for current serving cell to trigger PRACH on the intended candidate cell. This may be achieved by adding the intended candidate cell ID in DCI format 1_0, or allow DCI format 1_1 to trigger cross-cell PDCCH order by using the corresponding CIF field.
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[bookmark: _Hlk117874051]Figure 2: Enhanced PDCCH order to trigger PRACH on a candidate cell
Proposal 3: Support PDCCH-order based RACH with enhancement to trigger PRACH on a candidate cell
For PDCCH-order based RACH, only PRACH is needed for gNB to measure the candidate cell’s TA, which can be signalled to UE only when needed, e.g. when the candidate cell is selected as the new cell. Therefore, the subsequent messages (Msg 2-4) do not always need to be exchanged to save overhead, interference, and power consumption. Consequently, PDCCH order can be enhanced to only trigger PRACH transmission without the subsequent messages. Detailed RACH procedure can be left to RAN2. In addition, only CFRA should be supported in this case, since there is no Msg3/4 for contention resolution in case of CBRA based PDCCH order.   

Proposal 4: For PDCCH-order based RACH on candidate cell, support PDCCH-order enhancement to only trigger PRACH transmission without the subsequent messages
· Detailed RACH procedure can be left to RAN2
· Only CFRA is supported in this case

In existing PDCCH order, the PRACH is transmitted on the active UL BWP of the intended cell with operation parameters determined by the active UL/DL BWPs of the intended cell. Specifically, the PRACH format, occasion location, target received power, etc., are determined by those configured for the active UL BWP, while the pathloss RS for the PRACH power control is the DL RS associated with the PRACH transmission in the active DL BWP. However, for the PRACH transmission on candidate cell, the candidate cell may not have active BWPs if it is not active, e.g. not current SpCell or activated SCell. Therefore, which candidate cell’s BWPs to be used for determining the PRACH parameters should be clarified. A simple rule could be to always use the initial UL/DL BWPs of the candidate cell, which should be sufficient for the TA acquisition purpose.

Proposal 5: For PDCCH-order based RACH on candidate cell, initial UL/DL BWPs of the candidate cell are used to determine RACH config and pathloss RS
For the UE initiated RACH, it has less flexibility compared with the PDCCH order, which can trigger the RACH at any time even when the triggering condition is not satisfied for the UE initiated RACH. Therefore, the PDCCH-order based RACH should be sufficient and is more aligned with the NW controlled L1/L2 mobility. As for the higher layer triggered RACH from NW, it has no clear benefit and is much slower than the PDCCH-order based RACH. Accordingly, we have the following proposal to focus on the PDCCH-order based RACH only.
[bookmark: _Hlk117691059]
Proposal 6: For RACH based TA acquisition for candidate cell, not to support UE initiated RACH and higher layer triggered RACH from NW other than L3 HO command
3. RACH-Less Based TA Acquisition of Candidate Cell(s)
In RAN1 #110-bis-e, RACH-less mechanism in LTE is proposed for TA acquisition on candidate cell. Specifically, TA value of 0 or TA value of previous cell can be applied to the new cell based on NW instruction. The TA value of 0 is intended for the small cell case, while the TA value of previous cell is suitable when the previous and new cells are in the same TAG or even at the same physical location. However, the RACH-less mechanism in LTE cannot handle other scenarios other than the two special cases. Therefore, the RACH-less mechanism in LTE cannot be a complete solution by itself.  

Proposal 7: RACH-less mechanism in LTE cannot be a complete solution for TA acquisition
For SRS based TA acquisition on candidate cell, it can be jointly considered with PDCCH-order based RACH to refine the initial TA obtained via the latter. To maximize the scheduling flexibility, periodic, semi-persistent, and aperiodic SRS transmission can be supported for TA acquisition on candidate cell.
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Figure 3: SRS based TA acquisition for candidate cell

[bookmark: _Hlk117874086]Proposal 8: Support SRS based TA acquisition for candidate cell
· P/SP/AP SRS can be transmitted on candidate cell

[bookmark: _Hlk117951413]For TA acquisition based on Rx timing difference report, gNB derives the initial TA for the candidate cell based on UE report of the Rx timing difference between current serving cell and the candidate cell. If both cells have different DL Tx timing and/or UL Rx timing, gNB can further modify the TA based on the corresponding knowledge at gNB. To save overhead, the Rx timing difference can be reported together with the L1 beam report. 

Compared with the PRACH/SRS based solutions, the TA acquisition based on Rx timing difference report does not require additional UL Tx for TA measurement. Moreover, it can be used together with SRS based solution, e.g. SRS can be transmitted on the candidate cell based on the initial TA determined via the Rx timing difference report to further refine the TA. In this case, the SRS can be transmitted before the cell switch command, if possible, or triggered by the cell switch command to reduce the TA refinement latency.  
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Figure 4: Rx timing difference report for gNB to derive TA for candidate cell

Proposal 9: Support UE to report Rx timing difference between current serving cell and candidate cell, based on which gNB can derive initial TA for the candidate cell
· NW can signal UE the initial TA before or within cell switch command for SRS transmission on the candidate cell for further TA refinement 

For UE based TA acquisition, UE derives the TA for candidate cell based on the measured Rx timing difference between current serving cell and the candidate cell as well as the TA command for the current serving cell. If both cells have different DL Tx timing and/or UL Rx timing, gNB can provide such knowledge for UE to modify the derived TA accordingly. Once the candidate cell is selected as the new cell, UE may apply the derived TA for the initial UL Tx on the new cell, which could be SRS to further refine the TA for the new cell. Compared with the PRACH/SRS based solutions, the UE based TA acquisition does not require additional UL Tx for TA measurement.

[image: ]

Figure 5: UE based TA acquisition via Rx timing difference measurement + TAC

[bookmark: _Hlk117692697]Proposal 10: Support UE based TA acquisition for candidate cell
· UE derives TA based on Rx timing difference between current serving cell and candidate cell as well as TA command for the current serving cell
· NW can provide corresponding compensation factor for UE to modify the derived TA if current serving cell and candidate cell have different DL Tx timing and/or UL Rx timing

4. Latency Reduction for TA Refinement after Cell Switch Cmd
As discussed in previous sections, the initial TA for a candidate cell can be acquired before the cell switch command via RACH-based and/or RACH-less mechanisms. If the initial TA is measured by gNB, it can be signalled in the cell switch command for UE to apply it to the initial UL Tx on the new cell.

[bookmark: _Hlk117694713]Proposal 11: If initial TA for a candidate cell is measured by gNB, it can be signalled in the cell switch command for initial UL Tx on the new cell if the candidate cell is selected as the new cell
In addition, if TA refinement is desirable upon cell switch, the cell switch command can also trigger SRS for TA refinement, where the SRS transmission is based on the initial TA determined for the new cell before the cell switch command. If the initial TA is determined by gNB, e.g. based on PRACH/SRS transmission, it can be signalled in the cell switch command. If the initial TA is determined by UE, e.g. via UE based TA acquisition, it can be autonomously applied by UE upon the new cell selection.
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Figure 6: Cell update command can trigger SRS to refine TA for the new cell

Proposal 12: Cell update command can trigger SRS to refine the TA for the new cell
· UE can use the initial TA either indicated in cell update command or derived by UE for the transmission of the triggered SRS
5. Association of TA/TAG with Candidate Cell(s)
As for the association between TA/TAG and candidate cell, it can be discussed separately for candidate cells with single or two TAGs. For candidate cell with single TAG, we prefer the TAG is directly configured under the candidate cell, i.e. reuse the R15 TAG configuration per cell. Other alternatives unnecessarily complicate the TAG configuration in this case, e.g. associating the TAG per TCI or per SSB. For candidate cell with two TAGs, if this is supported for L1/L2 mobility, we can reuse the same association to be decided for mDCI mTRP with 2 TAGs. It has been discussed for 3 meetings in Agenda 9.1.2.1 since the start of R18. 

Proposal 13: For candidate cell with single TAG, support explicit TA/TAG association provided as a part of candidate cell configuration, i.e. reuse R15 TAG configuration per cell
· For candidate cell with 2 TAGs (if supported), reuse the association to be decided for mDCI mTRP with 2 TAGs (under discussion in Agenda 9.1.2.1)
6. Conclusion
[bookmark: _Hlk83741726]In this contribution we discussed TA management to reduce latency for L1/L2 based mobility. Below is the summary of the corresponding proposals.
Proposal 1: TA acquisition before cell switch command can be applied when candidate cell is deactivated SCell
· At least PRACH/SRS transmission can be allowed on candidate cell when it is deactivated SCell

Proposal 2: For RACH-based solutions, RACH configuration can be provided per candidate cell
· Detailed configuration can be left to RAN2, e.g. whether it is configured under current serving cell or corresponding candidate cell

Proposal 3: Support PDCCH-order based RACH with enhancement to trigger PRACH on a candidate cell
Proposal 4: For PDCCH-order based RACH on candidate cell, support PDCCH-order enhancement to only trigger PRACH transmission without the subsequent messages
· Detailed RACH procedure can be left to RAN2
· Only CFRA is supported in this case

Proposal 5: For PDCCH-order based RACH on candidate cell, initial UL/DL BWPs of the candidate cell are used to determine RACH config and pathloss RS
Proposal 6: For RACH based TA acquisition for candidate cell, not to support UE initiated RACH and higher layer triggered RACH from NW other than L3 HO command
Proposal 7: RACH-less mechanism in LTE cannot be a complete solution for TA acquisition
Proposal 8: Support SRS based TA acquisition for candidate cell
· P/SP/AP SRS can be transmitted on candidate cell

Proposal 9: Support UE to report Rx timing difference between current serving cell and candidate cell, based on which gNB can derive initial TA for the candidate cell
· NW can signal UE the initial TA before or within cell switch command for SRS transmission on the candidate cell for further TA refinement 

Proposal 10: Support UE based TA acquisition for candidate cell
· UE derives TA based on Rx timing difference between current serving cell and candidate cell as well as TA command for the current serving cell
· NW can provide corresponding compensation factor for UE to modify the derived TA if current serving cell and candidate cell have different DL Tx timing and/or UL Rx timing

Proposal 11: If initial TA for a candidate cell is measured by gNB, it can be signalled in the cell switch command for initial UL Tx on the new cell if the candidate cell is selected as the new cell
Proposal 12: Cell update command can trigger SRS to refine the TA for the new cell
· UE can use the initial TA either indicated in cell update command or derived by UE for the transmission of the triggered SRS

Proposal 13: For candidate cell with single TAG, support explicit TA/TAG association provided as a part of candidate cell configuration, i.e. reuse R15 TAG configuration per cell
· For candidate cell with 2 TAGs (if supported), reuse the association to be decided for mDCI mTRP with 2 TAGs (under discussion in Agenda 9.1.2.1)
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